The effect of glycerol concentration (15 w/w%, 20 w/w%, 30 w/w% and 40 w/w%) to the flexural and impact properties of plasticized sugar palm starch (SPS) was investigated in this present paper. Prior to the testing, the sugar palm starch extracted from the interior part of sugar palm stem was mixed with common glycerol (was used as a plasticizer) to form a novel biopolymer. The flexural and impact test were carried out according to ASTM D790 and ASTM 256 respectively. From this investigation, it is found that the 30% glycerol concentrated SPS biopolymer showed the highest flexural strength and flexural modulus with the value of 0.13 MPa and 87.54 MPa respectively. For the impact analysis, it is also found that same biopolymer showed the highest impact strength which is 6.13kJ/m 2 .
Introduction
Nowadays large number of investigation have been done in order to develope a new green material based on natural resources to overcome the problem associated with advanced technology in the field of petrochemical-based polymers which becoming more evident to disturbed and damaged ecosystem through its non-degradable behaviours [1] [2] [3] [4] [5] [6] . Biopolymer such as starch can be an interesting solution because to its biodegradable properties, relatively inexpensive and abundant. Starch which the major components is amylose and amylopectin are attractive raw materials for packaging industry and they have been used to produce biodegradable polymer to replace petroleum based plastics because of its possessing good mechanical properties [7] . Starch will be usefull to be applied as biopolymer in present of plasticizer and the most common plasticizer that are used widely is glycerol. Several studies have been done to use glycerol as a plasticizer in starch [8, 9] .
Malaysia is one of the tropical countries with large reserved rainforest areas and has abundant resources for developing the green materials. One of the plants that is popular in Malaysia nowadays is sugar palm tree. Sugar palm tree is one of the versatile plant which can produce different type of product such as ropes, filters, brooms and roofing materials. Sugar palm tree also become a new resource of bioethanol producing from its neera sugar via fermentation process [10] [11] [12] [13] [14] [15] . Sugar palm tree found to be an accumulated a lot of starch in its trunk which can be used as a biopolymer. No previous research have been done on development of biopolymer derived from sugar palm starch; however the biopolymer from other plants such as corn, wheat, rice, and potatoes already documented [16] [17] [18] [19] [20] . The aim of this article was to prepare and characterize the properties of novel biopolymer derived from sugar palm tree. Thus, a novel discovery successfully been done to diversify the production field of sugar palm tree as source of biopolymer.
Materials and method
Preparation of sugar palm starch. The matured sugar palm tree located at Jempol, Negeri Sembilan, Malaysia was felled using chainsaw and the mixture (woody fibres and starch powder) was obtained from the interior part of the trunk. This mixture was then washed off to obtain the starch. In the washing process, starch settles on the bottom and the excess water flows over the sides. After washing process, the wet starch was taken out from the container and kept in an open air for a moment. Finally, the starch was dried in an air circulating oven at 120 o C for 24 h. Fabrication of Plasticized SPS. Sugar palm starch was prepared by the addition of glycerol with a specific ratio of 15 w/w% (SPS/G15), 20 w/w% (SPS/G20), 30 w/w% (SPS/G30) and 40 w/w% (SPS/G40). The mixture was stirred and maintained at 40 °C for 30 min. The mixture was cast in an iron die and cured. The mixture was compacted with Carver hydraulic hot press at 130 °C for 30 min under the load of 10 tonne. The final biopolymers were in the form of plates with dimensions 150 cm × 150 cm × 0.3 cm for mechanical testing. Flexural testing of Plasticized SPS. The biopolymer specimens have been cut from the composite plates by using vertical saw cutter with a size of 130 mm (length, L) × 13 mm (width, W) × 3 mm (thickness, T) for flexural testing. A three point bending flexural test was conducted using Instron 3365 machine with crosshead-speed of 2 mm/min based on ASTM D790. Impact testing of Plasticized SPS. The specimens were cut using same cutter with the size of 50 mm (length, L) × 13 mm (width, W) × 3 mm (thickness, T) for impact testing. A notch cutter was used to prepare a v-notched impact specimen conforming to ASTM 256. The test was then executed using an Impact tester and the average of 5 tests was reported.
Results and discussion
The load-extension curve for plasticized SPS is shown in Fig. 1. From the figure, it is found that the bending load increase linearly with extention beyond the point of maximum stress for all type of plasticized SPS. The load-extension diagrams shows the typical pattern of plastic materials which notice a very large strain for a small stress. Fig. 2 shows the flexural sterngth and flexural modulus of plasticized SPS. From the figure, it is revealed that the higher the concentration of the plasticizers, the higher the flexural strength of investigated plasticized SPS, however, up to 30% of glycerol with the flexural strength value of 0.13 MPa. After this optimum concentration, the flexural strength of plasticized SPS was dropped to 0.04 Mpa for 40% of glycerol. For the flexural modulus, a small increase of the glycerol level results in a large increase in flexural modulus. The highest flexural modulus which is 87.54 MPa obtained by SPS/G30 and SPS/G40 the flexural modulus also decrease drasticly to 18.06 MPa. Similar trend were found for impact analysis where the impact strength improve with the increasing of glycerol up to 30% which is 6.13kJ/m 2 . Meanwhile, the strain increased significantly with increasing content of plasticizer for plasticized SPS which are 9.13%, 10.03%, 12.15% and 12.45% respectively (Fig. 3) . Glycerol is the most popular and widely used plasticizer and generally, the addition of glycerol gave a superior effect to the starch. Starch act as a biopolymer in the present of plasticizer such as glycerol. The increasing of plasticizer content in starch will interfere the arrangement of the polymer chains and the hydrogen bonding. It is most likely affect the crystallinity of starch by decrease the polymer interaction and its glass transition temperature [21, 22] . Thus, this make the plasticized SPS become more flexible with the increasing of glycerol. 
Conclusion
A novel biopolymer derived from SPS were successfully prepared using glycerol as plasticizer. From the investigation, it is found that SPS/G30 shows the highest flexural strength and flexural modulus which is 0.13 MPa and 87.54 MPa respectively. For the impact analysis, it is also found that SPS/G30 shows the highest impact strength which is 6.13kJ/m 2 .
